The study was conducted with the view to determine the impact of replacing fishmeal with black soldier fly larval meal (BSFLM) on growing guinea fowls. BSFLM replaced fishmeal (3% in the control diet) in the ratios of 0, 20, 40, 60, 80, and 100% to produce six dietary treatments, which were iso-caloric and iso-nitrogenous. Two hundred and forty-eight-week old guinea fowls with mean live weight of 273.2 ± 10.9 g were tagged, weighted, and randomly assigned to 24 (6 × 4) floor pens; each pen was treated as a replicate. Feed and water were provided ad libitum during the entire period, which lasted 10 weeks. Feed consumption differed among the treatment groups (P = 0.0072) with the 100% fishmeal diets recording the lowest. Daily gain was significantly (P = 0.009) higher for birds fed high BSFLM diets compared to the control (100% fishmeal diet). The inclusion of BSFLM in the diets elicited positive linear effect on weight gains of the guinea fowls (R 2 = 0.91) with increasing concentration resulting in higher live weight gains. The feed conversion ratio (FCR) also differed between treatments (P < 0.05) but similar for the 100% fishmeal (control) and 100% BSFLM diets. Organ and haematopoitic integrity were equally assured regardless of levels of the protein sources fed to the birds. Generally, meats from birds fed 60 to 100% BSFLM and from hens were more acceptable. A study to evaluate the economics of utilising BSFLM in guinea fowl production is recommended.
Introduction
The black soldier fly (BSF) (Hermetia illucens Linnaeus 1758) is a fly (Diptera) of the Stratiomyidae family (Tran et al. 2015) , which has been proposed and tested as an efficient way of disposing of organic waste into fat-and protein-rich biomass, suitable for various beneficial applications such as protein source for all livestock and poultry among others (Diener et al. 2011; van Huis et al. 2013; Wallace et al. 2017 ). Moreover, one major advantage H. illucens has over other insect species for biomass production is that the adult does not feed and thus, require no special care. It is also not a vector as the adult flies are neither attracted to human habitat nor foods (van Huis et al. 2013 ). The BSF larvae, being voracious, convert organic waste in a quick fashion into valuable biomass, restraining bacterial growth and markedly preclude the generation of offensive odour. Furthermore, the larvae aerate and dry up manure, which enhances odour reduction (van Huis et al. 2013) . The larvae contain natural antibiotics and modify the micro-flora of manure, thus reducing harmful bacteria such as Escherichia coli 0157:H7 and Salmonella enterica (van Huis et al. 2013) .
Globally, several insect species, including BSF, have been fed at various life cycle stages to animals with encouraging results (Anankware et al. 2015; Wallace et al. 2017) . In addition, they have been used to produce high-value feedstuff for cattle, pigs, poultry, and fish (Newton et al., 2005) . However, the use of BSF larvae as feed ingredient in guinea fowl diets is uncommon in West Africa (Kenis et al. 2014 ). This study was, therefore, undertaken to ascertain the impact that BSFLM would elicit on growth performance, survivability, sensory and carcass characteristics, haematological and serum biochemical indices of grower-finisher guinea fowls reared under tropical conditions.
Materials and methods

Production of BSFLM
Two-day old larvae of BSFs were inoculated on an unprocessed fruit waste mixture composed of 60% watermelon, 20% avocado, and 20% mango. The larvae were harvested using a passive sieving system 10 days after inoculation when they were considered to be at the Bwhite larvae stage^in order to minimise chitin concentration. The harvested larvae were kept overnight in a bowl of saw dust to allow emptying of their gut content. They were, then, washed with clean water, dried, and milled in a hammer mill (3000 rpm, 2-mm sieve; KNUST, Kumasi, Ghana). The milled meal was stored until required for use.
Experimental diets, animals, and design
The black soldier larval meal was systematically mixed with other ingredients at specified concentrations to produce six experimental diets (Table 1) . BSFLM replaced fishmeal (3% in the control diet) in the ratios of 0, 20, 40, 60, 80, and 100% to produce six dietary treatments, which were formulated to contain similar nutrients (Table 2) .
Two hundred and forty eight-week old guinea fowls with mean live weight of 273.2 ± 10.9 g were tagged, weighted and randomly assigned to 24 floor pens. Each of the concrete floor pens was of 360 × 210 × 420-cm dimension, representing a replicate, and was covered with 5-cm good quality wood shavings. Each pen was equipped with two bell drinkers, two feeder trays, as well as a florescent bulb for lighting. Diets and water were offered to birds ad libitum. Feeds were offered at 07.00 each morning. Feed intake was adjusted weekly according to the age of the birds. Birds were weighted individually each week to determine weight changes. Feed conversion ratio (FCR) was calculated for each pen as total dry matter (DM) intake per weight gain.
Chemical analysis
Proximate composition, calcium and phosphorus contents of the experimental diets and BSFLM were determined using methods as described in A. O.A.C. (1990) . Dry matter was determined after drying samples at 105°C in an oven for 12 h. Ash content was determined by incineration of samples at 550°C for 12 h. Micro-Kjeldhal method was used to determine the % nitrogen content. Crude protein was then estimated by the formula % nitrogen × 6.25 (conversion factor). Crude fat was determined through Soxhlet extraction technique using hexane (65-70°C) as the solvent. Crude fibre was determined as a fraction remaining after digestion with standard solutions of sulphuric acid and sodium hydroxide. Calcium and phosphorus in the diets were assayed using the methods as described in AOAC (1990) . The metabolisable energy (ME) in the diets was estimated using the formula ME (kcal/kg) = (35 × percent crude protein) + (81.8 × percent ether extract) + (35.5 × percent nitrogen free extract) (Pauzenga 1985) . 
Biochemical and haematological assays
At day 70 (08.00 GMT), which was the last day of the study, before feeding, four guinea fowls (two males and two females) were randomly selected from each replicate to draw blood. Blood was aseptically drawn from the jugular vein with disposable 5-ml plastic syringe. Two-millilitre blood was transferred gently into labelled vacutainer tubes containing EDTA for whole blood count and the remaining 3 ml into the other vacutainer tubes laced with gel and used for blood chemistry assay. Enumeration of erythrocytes and leukocytes was carried out manually using the procedures described by Samour (2013) . Blood was diluted (1:200) with Natt-Herrick solution, and counting of RBCs was done using an improved Neubaeur haematocytometer. Haemoglobin was determined using spectrophotometer (Cecil 1000 series, England) at 540 nm using Drabkin's solution. Packed cell volume (PCV) was determined by duplicate capillary tube. The tubes containing blood samples were centrifuged at 1200 g in a micro-capillary centrifuge (Model MB) and read with a Hawksley haematocrit reader. Thin blood smears were stained with Giemsa and examined microscopically under oil immersion for leukocyte characterisation. For each blood smear, a minimum of 200 leukocytes were counted for the determination of differential leukocyte values. For blood chemistry assay, blood samples were centrifuged at 3000 rpm for 5 min and the sera used to determine some key lipid, protein, and enzyme profiles. These assays were made with the aid of reagent kits (Spinreact SA, Ctra. Santa Coloma, Spain) and the targeted biochemical indices quantified using an automatic device, HITACHI 902 (Japan).
Slaughtering and determination of organ weights
On the 70th day, 96 birds (four birds per replicate) were randomly taken and restricted from feed and water overnight until slaughter on the following day. Birds were slaughtered by quickly decapitating the birds' heads from the neck using a sharp knife. Slaughtering was done randomly by the same person. The carcass weights and the weights of internal organs were measured using a digital scale. The organ weights were expressed as proportion of live weight of each bird. Dressing percentage was calculated as proportion of carcass weight to live weight of each bird.
Sensory evaluation
At the end of the study, eight birds (four cocks and four hens) per treatment were slaughtered and processed to evaluate the impact of the experimental diets on organoleptic properties of guinea fowl meat. The processing techniques were in accordance with approved methods for processing meat. The breast muscles of the cooked guinea fowl meat were cut into pieces, cooked with a common recipe, and packaged for the assessment. A total of 19 taste panellists were trained for the organoleptic evaluation. They washed their mouths with water after tasting each meat sample and assessed attributes, which included tenderness, juiciness, texture, flavour intensity and overall acceptability. This was repeated three times, soon after which the meat samples were ranked on Likert scale of 1-8 with B1^being the poorest and B8^the best (Teye et al. 2006 ).
Statistical analysis
Data generated were subjected to analysis of variance using Genstat 14th Edition (VSN International 2011). Data on growth performance of the guinea fowls were subjected to analysis of covariance (ANCOVA) where initial weights of the birds were used as covariates. Means were separated using Duncan's multiple range test. 
Results
The influence of graded BSFLM replacement of fishmeal on growth performance of grower-finisher guinea fowl is presented in Table 3 . The final weight of the birds at age 18 weeks significantly differed (P < 0.001) between treatments. Birds that were fed full BSFLM (100%) exhibited the highest live weights and were markedly higher (P < 0.05) than the other treatment groups. Similarly, average daily gain (ADG) of birds fed the 100% BSFLM-based diet was significantly (P = 0.009) higher compared to the wholly fishmeal diet. The inclusion of BSFLM in the diets elicited a positive linear effect on weight gain of the guinea fowls (R 2 = 0.91) as shown in Fig. 1 . Feed consumption also differed among the treatment groups (P = 0.0072) with the wholly BSFLM diet eliciting lower intake as well as lower FCR compared to the wholly fishmeal diet (control).
BSFLM inclusion did not affect the survivability of the birds as 80-100% fishmeal replaced diets demonstrated significantly (P < 0.05) higher survivability compared to the other treatment groups (Fig. 2) . The full or partial replacement of fishmeal with BSF larval meal in the diets did not compromise (P > 0.05) the erythropoietic function of the blood nor WBC differentials (Table 4) . However, increasing BSFLM beyond 20% elicited significantly (P < 0.05) higher MCH concentration. Similarly, feedinggraded BSFLM levels to the birds did not impact plasma electrolyte, lipid, metabolites and enzyme concentration in the guinea fowls (Table 5) .
Carcass characteristics and organ weights of the birds were not affected (P > 0.05) by the dietary treatments except for dressed weight which was significantly (P = 0.049) different but similar for wholly BSFLM and fishmeal diets (Table 6) .
Organoleptic properties of meat from the guinea fowls were not affected (P > 0.05) by the differences in the diets fed (Table 7) . However, meat from birds fed 100% BSFLM diet had a better flavour compared to the rest. Generally, meats from birds fed 60 to 100% BSFLM diets elicited similar acceptability and meat from hens was more acceptable than meat from cocks (Fig. 3) .
Discussion
The study was conducted to evaluate the impact of BSFLM on the productive performance and meat qualities of growing guinea fowls. The feed intake of 58-75 g/day/bird observed in this study was similar to the 63-78 g/day/bird reported by Agbolosu and Teye (2012) but lower than the 130-133 g/day/ bird reported by Teye et al. (2000) for growing guinea fowls probably due to differences in starting age. However, the weight gains of 9.2-10.5 g/day/bird observed were found to be slightly higher than the 6.2-7.1 g/day/bird reported by Agbolosu and Teye (2012) . Differences in diet composition could be responsible for this observation. The high weight gain and FCR observed for birds fed (100% BSFLM) indicate the potential of BSFLM to grow older guinea fowls (8-18 weeks) economically. Although the experimental diets were formulated to contain similar nutrients (Tables 1  and 2 ), the BSFLM-based diets must have supplied more adequate levels of essential fatty acids (EFAs), such as linoleic acid which are reported to be higher in BSFLM (3.6-4.5%, Moula et al. 2017 ) compared to fishmeal (1.2-1.4, Sprague et al. 2016) . EFAs serve a number of significant functions within the body, including cell growth, muscle activity, immune function and joint health (Sprague et al. 2016 ). The survival of guinea fowls under intensive system after 8 weeks of age is known to be high and therefore, the over 85-100% survivability exhibited in this study is not unusual. Furthermore, the high survival rate observed for grower-finisher guinea fowls regardless of the protein source as well as the level of inclusion was similar to the 82.5-98.7% reported for similar birds by Agbolosu and Teye (2012) . The determination of haematological as well as biochemical parameters provides valuable information for the evaluation of the health status of humans and animals, though the lack of reference values for avian blood profile usually restricts its usage (Talebi et al. 2005) . The immune organs such as spleen and thymus gland are important for the maintenance of normal immune function of animals (Wallace et al. 2012) , and the lymphoid organ weights are assessed as a measure of immune status of poultry (Pope 1991) . The weight of spleen as well as its index were similar (P > 0.05) between treatment groups of the current study; an indication that BSF larval meal, regardless of levels, was as good a protein source as fishmeal in maintaining the immune function and status of growing guinea fowls.
No significant variations in serum concentration of urea, creatinine and other electrolytes assayed were observed in the current study, an indication that BSFLM inclusion in guinea fowl diets would not disrupt the blood osmolality and osmotic balance of the birds. Also, this would not create disease state and distortions in the electrolyte balance (Kaplan and Szabo 1983) . Levels of urea and creatinine are commonly used markers of renal physiology and pathology and elevated concentrations of these metabolites indicate nephrotoxicity (Gowda et al. 2010) . Results of the current study do not suggest kidney impairment or dysfunction as a result of the dietary treatments.
Several biomarkers have been well established and used to investigate the physio-pathological status of certain vital organs (Abdel-Wareth et al. 2014) . The intact integrity of the organs is markedly amplified by the status of the liver, for instance. The liver is the site of the biosynthesis of most of the plasma proteins of the blood and thus, the impairment of the hepatic cells would have reflected in the serum proteins assayed namely total protein, albumin, and globulin (Lehninger 1984) . AST and ALT concentrations were similarly not affected by the dietary treatments. The non-incidence of disease state in the guinea GIT-gastrointestinal tract fowls was further emphasised by the relatively similar response of the ALT/AST (De Ritis) ratios. The levels of these enzymes in blood plasma are always indicative of the incidence of myriad of diseases (Moss et al. 1987) .
Although the final live weights were higher for BSFLMrich diets compared to fishmeal-rich diets, dressed weights were found to be similar. This could be attributed to the fewer number of birds sampled for assessment. The diets however did not show significant effect on the other organs measured. The results suggest that including BSFLM at all the levels studied would elicit similar impact as fishmeal in terms of texture, juiciness, and tenderness of the meat of the birds fed those diets. However, the diet-effect on meat flavour and acceptability was evident with the complete BSFLM diets recording the best flavour and acceptability ratings. Similar to an earlier report (Al-Qazzaz et al. 2016) , BSFLM inclusion in diets of laying hens improved appearance, texture, taste, and acceptance of eggs. Meat acceptability is principally influenced by meat flavour and tenderness (Reicks et al. 2012) . Robbins et al. (2003) suggested that the combination of taste and odour, as well as mouth feel and juiciness, affects flavour perception. Meat flavour and palatability are largely influenced by the fat content as well as volatiles from lipid sources. Small proportion of oxidised fatty acids from lipid sources can be sufficient to alter flavour significantly (Belitz et al. 2009 ). Feed affects the physicochemical and organoleptic parameters of meat, including carcass composition, degree of fattening, fatty acid profile of meat and formation of short branched-chain fatty acids (Khan et al. 2015) and can therefore be used to improve poultry meat flavour (Fanatico et al. 2007 ). Feed supplements including dietary fat source, DL-α-tocopheryl acetate, and ascorbic acid were reported to have influenced the flavour of chicken meat (Jayasena et al. 2013 ).
In the current study, the meat characteristics measured were not different between hens and cocks (Fig. 3) except for meat acceptability. The sex of an animal has been reported to influence the flavour and general acceptability of meat (Crouse et al. 1981) . It is suggested that the meat of females should be juicier than the meat of males because of the significantly higher fatty acid profile of longissimus dorsi (Lorenzo et al. 2013 ) as well as a larger infiltration of fat content in females (Horcada et al. 1998 ). Forrest (1975) reported tenderer, juicier, and more flavourful, with higher overall palatability scores of roasted ribs from steers than roasts from bulls. Vani et al. (2006) observed that differences in animals in terms of sex, species, breed, age, etc. result in variations in nucleotide content in muscles. The variations in muscle nucleotide content results in different levels of flavour precursors, causing variations in the type and concentration of volatile compounds. In contrast, Franco et al. (2011) reported no significant difference of meat quality between sexes.
Conclusion
The results obtained in this study demonstrated that BSFLM inclusion as a replacement for fishmeal (up to 100%) in grower-finisher guinea fowl diets would not cause any physio-pathological anomalies but rather impact positively on growth performance. Moreover, BSFLM inclusion has the potency to enhance the acceptability of guinea fowl meat. A study to evaluate the economics of utilising BSFLM in guinea fowl production would be necessary if farmers are to adopt this resource as a feed ingredient. Acknowledgments The project team expresses sincere appreciation to the management and staff of CSIR-Animal Research Institute for the unrestrained access to its facilities, laboratories, logistics and administrative support. Much gratitude is extended to CABI, Ghana for supporting in a variety of ways to make this study run smoothly.
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